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Description 

FIELD OF THE INVENTION 

[0001] This invention relates to the production of fiber 5 
reinforced resin composite structures, and in particular 
to processes for vacuum assisted resin transfer molding 
of large composite structures. 

BACKGROUND OF THE INVENTION 

[O0O2J Vacuum assisted resin transfer molding 
(VA-RTM) has been used to produce a number of large, 
fiber reinforced composite structures such as boat hulls 
which Incorporate materials such as foam and balsa 
cores. The cores are covered with a fiber reinforced res- 
in. In the VA-RTM process, the reinforcement fiber, such 
as a fabric or mat, is arranged in a single sided mold in 
a dry condition along with the desired core materials ac- 
cording to the form of the desired finished part. The lay- 
up is then encapsulated in a vacuum bag and impreg- 
nated with resin under vacuum. The resin is allowed to 
cure. 

[0003] Various methods have been utilized to intro- 
duce and enhance the distribution of resin through the 
reinforcement fiber. These methods include the place- 
ment of a disposable distribution media over the outside 
layer of fabric and the incorporation of holes and/or slots 
penetrating through the core to allow resin to flow from 
the outer to the inner layer of reinforcement fiber. See. 
for example, U.S. Patent Nos. 5,31 6,462 and 4,560,523. 
A supply groove in a foam core has also been used in 
a closed mold resin injection process to facilitate resin 
flow. See, for example, U.S. Patent No. 5,096,651. 
[0004] In addition, US 5 304 339 teaches a feeder 
channel as a slot in the core's surface that is completely 
surrounded by the lay-up. A distribution network is 
placed on top of the fiber lay-up instead of in direct com- 
munication with the distribution channel. The distribu- 
tion network has a larger cross-sectional area than the 
feeder channel. 

[0005] US 5 052 906 does not teach the use of a core, 
but has the resin introduced through the mold to a dis- 
tribution network having cross channels of approximate- 
ly the same cross-sectional area. A vacuum is drawn 
from the outer side of the lay-up through a second dis- 
tribution channel. 

[0006] US 5 31 6 462 does not teach the use of a core. 
In addition, the resin is introduced through the bag to a 
distribution network on top the fiber lay-up through 
which the resin is drawn to the mold. 
[0007] US 4 902 215 does teach the use of a core, but 
does not teach a distribution network between the sur- 
face of the core and the fiber lay-up. In addition, the 
feeder channel feeds the resin through the bag to the 
fiber lay-up and through the fiber lay-up to the core. 



SUMMARY OF THE INVENTION 

[0008] The present invention relates to a method ac- 
cording to claim 1 for distributing resin during the man- . 
ufacture of a composite structure using a vacuum as- 
sisted resin transfer molding (VA-RTM) process and to 
a method according to claim 23. The composite struc- 
ture is formed from internal cores surrounded by fiber 
reinforced resin. In one embodiment of the invention, 
resin is supplied directly into a network of main feeder 
grooves which are interconnected to a series of smaller 
microgrooves formed in the surface of the internal cores. 
From the feeder grooves and microgrooves, the resin 
flows outwardly from the core to penetrate the reinforce- 
ment fiber. In a second embodiment of the invention, a 
separate distribution medium is interposed between the 
internal core and the fiber reinforcement. The resin is 
supplied directly to one or more main feeder grooves in 
the core surface and penetrates the reinforcement fiber 
via the distribution medium. Also, the main feeder 
grooves can extend around the cores to form supply 
loops, allowing impregnation of transverse structural 
members. 

[0009] in a further embodiment, an integrated vacuum 
bag and mold are formed from a textured sheet of metal. 
The texture is formed by closely spaced upraised por- 
tions on one side of the sheet which correspond with 
depressions on the other side of the sheet. The closely 
spaced upraised portions define valleys therebetween 
which form a resin distribution network. Main feeder 
grooves are formed directly in the sheet. The textured 
sheet can also be used as a mold from which other tools 
are made. 

[0010] With this method, large composite structures 
which require multiple cores can be formed quickly prior 
to the gel time of typical vinyl ester or polyester resins, 
and the amount of resin used can be minimized. By sup- 
plying the resin directly through the vacuum bag into the 
feeder grooves, the supply is not limited to a part edge 
or inlet in a tool. Adjacent cores can be supplied via a 
single resin inlet. The resin distribution network can re- 
main in the finished part, eliminating disposal of distri- 
bution materials. In this case, the microgrooves are filled 
with resin after curing, thereby increasing interlaminar 
shear strength and delamination strength. Structural 
features such as shear ties, compression webs, or 
beams can be incorporated directly into the composite 
part during the molding process. Further embodiments 
are recited in the dependent claims. 

DESCRIPTION OF THE DRAWINGS 

[0011] The invention will be more fully understood 
from the following detailed description taken in conjunc- 
tion with the accompanying drawings in which: 

Fig. 1 is a perspective view of a core for a composite 
structure according to a first embodiment of the 
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present invention; 

Fig, 2 is a schematic cross-sectional view of a com- 
posite structure being formed according to the first 
embodiment of the present invention; 
Fig. 3 is a schematic perspective view of a further 
composite structure being formed according to the 
present invention; 

Fig. 4 is a perspective view of a composite structure 
being formed according to the present invention; 
Fig. 5 is a perspective view of a further core for a 
composite structure according to the present inven- 
tion; 

Fig. 6 is a perspective view of a core for a composite 
structure according to a second embodiment of the 
present invention; 

Fig. 7 is a schematic cross-sectional view of a com- 
posite structure being formed according to the sec- 
ond embodiment of the present invention; 
Fig. 8 is a schematic cross-sectional view of a com- 
posite structure being formed using an integrated 
mold and vacuum structure; 
Fig. 9 is a schematic cross-sectional view of a rigid 
mold and flexible lid for forming a composite struc- 
ture; 

Fig. 10 is a perspective view of a core for a com- 
posite structure having multiple main feeder 
grooves; 

Fig. 11 is a schematic cross-sectional view of an in- 
tegrated mold and vacuum bag for forming a com- 
posite structure according to a further embodiment 
of the present invention; 

Fig. 1 2 is a perspective view of one side of a tex- 
tured sheet of material forming the integrated mold 
and vacuum bag of Fig. 11 ; and 
Fig. 13 is a perspective view of the other side of the 
textured sheet of Fig. 1 2. 

DETAILED DESCRIPTION OF THE INVENTION 

[001 2] A large composite part made according to the 
present invention includes a core 12, shown in Fig. 1. 
The core is made from a materia! able to support the 
pressure of a vacuum. Typical materials include foams, 
such as a polyurethane or a polyvinyl chloride, or balsa 
wood. The core can be solid or hollow, such as a blown 
polyethylene. Concrete may also be used. The core is 
shown as a rectangular block, although other configu- 
rations are possible, as discussed further below. 
[001 3] One or more main feeder grooves or channels 
14 are provided in the surface 16 of the core. The main 
feeder groove may circumscribe the entire core to form 
a loop. A resin distribution network comprising channels 
of a smaller cross-sectional area than the main feeder 
groove is provided in contact with the surface of the core 
for fluid communication with the main feeder groove. 
[0014] In a first embodiment of the present invention, 
the resin distribution network is provided in the form of 
a plurality of microgrooves 18 machined in the surface 



1 6 of the core 12, as shown in Fig. 1 . The microgrooves 
1 8 are generally arranged transversely to the main feed- 
er groove 14. Some of the microgrooves may circum- 
scribe the entire core to create a resin flow loop begin- 
5 ning and ending at the main feeder groove. The actual 
relation of the microgrooves to the main feeder groove 
depends on the geometry of the core and the optimiza- 
tion of the resin impregnation, as discussed further be- 
low. 

w [001 5] The core 1 4 with the network of grooves is cov- 
ered with one or more layers of a f iber material 20, illus- 
trated schematically in Fig. 2. The fiber material may be 
a cloth or mat formed from fibers of glass, carbon, or 
other suitable material. Depending on the structural re- 
's quirements of the desired finished part, the core may be 
completely surrounded with fiber material, or one or 
more surfaces of the core may be left free of fiber ma- 
terial. The fiber material may be wrapped in a sheet 
around the core, or individual pieces of fiber material 
20 may be applied to the desired core faces. The fiber may 
also be supplied in a tubular form into which the core is 
inserted. 

[0016] A plurality of fiber wrapped cores are arranged 
to form the desired finished part. Although two cores are 

25 shown in Fig. 2, the actual number and arrangement of 
cores is determined by the desired finished part. One or 
more layers of a fiber material can be wrapped around 
a plurality of cores to form an outer skin 22, shown sche- 
matically In Fig. 2. The particular number of layers of 

30 fiber material, the type, and the arrangement depend on 
the desired finished part and can be readily determined 
by those of skill in the art. A bleeder layer is generally 
provided in the form of a tab 23 extending from an outer 
fiber layer to a vacuum outlet 25. Peel plies, typically 

35 required with prior art vacuum processes, are generally 
not needed with the process of the present invention. 
[0017] The fiber material 24 surrounding and between 
the cores creates structural members such as shear 
ties, compression webs, and beams. For example, re- 

40 f erring to Fig. 4, a plurality of triangular cores 40 are 
used to form a deck. The fiber material between adja- 
cent triangular cores forms diagonal structural members 
.41 that support both compression and shear forces. 
[0018] During the lay-up, suitable fittings 26, such as 

45 plastic or copper tees, are positioned in the main feeder 
grooves 1 4 to facilitate the subsequent insertion of resin 
supply tubes 28. One or more fittings may be positioned 
in each feeder groove, to accommodate the desired res- 
in flow. The lay-up is placed against a mold 29, and a 

so vacuum bag 30 is then placed over the lay-up, including 
the plastic fittings, and sealed to the mold in a manner 
known in the art, as shown schematically in Fig. 2. The 
vacuum bag is then punctured and the supply tubes 28 
are inserted through the vacuum bag directly into their 

55 respective fittings 26. The supply tubes are sealed to 
the bag to retain vacuum integrity. In this manner, the 
main feeder grooves are supplied directly with resin by 
penetrating the outer vacuum bag with a supply tube 
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that is inserted directly into the groove. 
[0019] Referring to Fig. 8, the vacuum bag and mold 
may also be integrated into a single structure BO which 
is rigid enough to retain its shape as a mold but flexible 
enough to collapse against the part upon application of 
a vacuum. For example, the integrated structure 80 may 
comprise a thin gauge steel sheet, such as 0,63cm (0.25 
inch)or thinner. The cores 82 and fiber material 84, 86, 
as described above, are encapsulated in the steel sheet. 
Holes are drilled through the sheet to access the fittings. 
Resin impregnation occurs as described above. The in- 
tegrated structure may be formed of other suitable ma- 
terials, such as rubber or silicone or a thin composite 
sheet material such as a plastic laminated metal. 
[0020] Rg. 9 illustrates a further mold embodiment in 
which a rigid mold 90 Is sealed with a flexible lid 92 
formed, for example, from a steel or plastic material. A 
part, comprising the cores and fiber material as de- 
scribed above, is placed in the recess 94 defined by the 
rigid mold. A vacuum groove 96 in the lid surrounds the 
part. Holes are provided through the lid or mold to ac- 
cess fittings for resin impregnation as described above. 
During impregnation of the resin under vacuum, the lid 
flexes at the edge of the vacuum groove, to allow com- 
paction of the part. 

[0021] The resin, such as a polyester, vinyl ester, 
epoxy, phenolic, acrylic, or bismaleimide, travels rela- 
tively quickly through the main feeder grooves 14 and 
into the microgrooves 18. From the microgrooves, the 
resin penetrates the fiber material 20, 22. Impregnation 
results from resin infusion originating at the core surface 
16 and migrating outwardly to the exterior of the part. 
The fiber material on adjacent core surfaces may be im- 
pregnated via a main feeder groove in one of the adja- 
cent cores, as indicated in Figs. 3 and 4. 
[0022] The cross-sectional area of the main feeder 
groove and the cross-sectional area and spacing of the 
microgrooves are optimized to provide a suitable time 
to allow the resin to impregnate all of the fiber material 
before curing without leaving un impregnated areas. A 
typical main feeder groove may have a depth of 0.5 inch 
(13mm) and a width of 0.5 inch (13 mm) for a cross- 
sectional area of 0.25 square inches (161 square mm). 
Typical microgrooves may have a depth of 0.125 inch 
(3.2mm) and a width of 0.125 inch (3.2mm) for a cross- 
sectional area of approximately 0.01 6 square inches (10 
square mm). The microgrooves may be spaced 1 .0 inch 
(25mm) on center. These dimensions may be modified 
to accommodate reinforcement fiber materials of differ- 
ent types and/or thicknesses. Also, the cross-sectional 
area of the main feeder grooves may be increased if the 
part is particularly large to more rapidly distribute the 
resin to all sections of the part. Similarly, multiple main 
feeder grooves 14 may be provided in a core 12, as in- 
dicated in Fig. 1 0. 

[0023] In addition, the cross-sectional area of the 
main feeder grooves or the microgrooves may be re- 
duced to create flow restrictions to increase resin dwell 



time at a particular area. Resin dwell time may also be 
increased by placing a resin "fuse" in the feeder groove 
which temporarily blocks the resin flow. The fuse dis- 
solves after contact with the resin after a known period 

s of time, which may be set by the length of the fuse. For 
example, with a vinyl ester resin, a styrofoam fuse has 
been used successfully. The feeder grooves may also 
terminate to redirect resin flow. 
[0024] The main feeder grooves 1 4 allow passage of 

10 resin from one core to an adjacent core. Holes may be 
provided through the cores to connect main feeder 
grooves. Each main feeder groove may be supplied with 
resin simultaneously, creating parallel circuits, or in a 
prescribed sequence, creating series circuits, depend- 

15 ing on the geometry and size of the part to be impreg- 
nated. Additionally, the main feeder grooves may be in- 
dependent of each other, creating separate circuits. 
[0025] After impregnation, the resin is allowed suffi- 
cient time to cure. Once cured, the microgrooves 1 8 are 

20 filled with solid resin . This resin provides a lateral locking 
mechanism which improves the interlaminar shear 
strength of the bond between the fiber reinforced com- 
posite and the core. The resin remaining in the groove 
network also increases the forces necessary to delam- 

25 jnate the fiber reinforced face skins from the core. 
[0026] The actual arrangement and shape and 
number of cores depends on the desired finished part. 
For example, triangular cores 40 are shown in Fig. 3. 
The triangular cores may have main feeder grooves 42 

30 provided in at least two surfaces. A central triangular 
core 44 may have main feeder grooves in three surfac- 
es. Microgrooves are provided in the surfaces as de- 
scribed above. A plurality of triangular cores may be ar- 
ranged in, for example, a row to form a deck. In this ex- 

35 ample, resin, supplied through tubes 46, is impregnated 
sequentially beginning at the central core and progress- 
ing toward the edges, as shown by the shaded region 
48 in Fig. 4. 

[0027] An arcuate core 50 is shown in Fig. 5. The ar- 

40 cuate core 50 may have a main feeder groove 52 in one 
surface and a network of microgrooves 54 radiating from 
the feeder groove to circumscribe the core. The arcuate 
cores may be used to form curved structures such as 
boat hulls or arches. 

45 [0028] In another embodiment of the present inven- 
tion, illustrated in Figs. 6 and 7, a core 60 is provided 
with a main feeder groove 62 as described above. A dis- 
tribution medium 64 is then provided adjacent the core 
faces. The medium comprises a network of open pas- 

so sageways formed by a structure capable of maintaining 
the passageways in an open condition during applica- 
tion of the vacuum. For example, the medium may com- 
prise intersecting filaments held in spaced relation from 
the core surface by post-like members located at each 

55 filament intersection, a grid-like structure of aligned 
strips, or an open weave fabric. Suitable distribution me- 
dia are known for example, from U.S. Patents Nos. 
.4,902,215 and 5,052,906, incorporated herein by refer- 
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ence. A fiber material 66 is then wrapped over the dis- 
tribution media, as described above. A plurality of cores 
are arranged to form the desired finished part, and a 
vacuum bag 68 is placed over the cores and fiber ma- 
terial, as described above. Resin supply tubes 70 lead- 
ing from a resin source are inserted through the bag 68 
and fiber material 66 to fittings 72 in the main feeder 
grooves 62. The supply tubes 70 are sealed to the vac- 
uum bag in a manner known in the art. Resin is fed 
through the supply tubes to the main feeder grooves. 
The resin travels relatively quickly through the main 
feeder grooves and into the distribution media. From the 
distribution media, the resin penetrates the fiber mate- 
rial. A suitable time interval is provided to allow the resin 
to cure. 

[0029] Resin distribution media presents a more uni- 
form resin flow front than the mlcrogrooves. For this rea- 
son, resin distribution media are generally preferred for 
more complicated parts, whereas microgrooves are pre- 
ferred to conserve resin, since less resin flows through 
the microgrooves. 

[0030] In a further embodiment, illustrated in Figs. 1 1 
through 13, the vacuum bag and mold are integrated 
into a single tool 102 formed from a textured sheet 104 
of metal, such as a thin gauge steel sheet. The sheet is 
rigid enough to retain its shape as a mold, but flexible 
enough to collapse or be pulled against the part under 
the vacuum applied during a resin impregnation proc- 
ess, discussed further below. A sheet thickness of 0.25 
inch (6.4mm) or less has been found suitable. A plastic 
or a composite material such as a metal and plastic lam- 
inate formed as a textured sheet may also be used. 
[0031] Preferably, the texture is formed by closely 
spaced upraised portions 1 08 formed on one side of the 
sheet 104 which correspond to depressions 106 on the 
other side of the sheet. The closely spaced upraised 
portions 108 define valleys 110 therebetween which 
form a resin distribution network. For example, the up- 
raised portions may have a generally hexagonal shape 
having a longest dimension of between 3/8 inch (95mm) 
and 7/1 6 inch (1 1 mm). A depth of the valleys of approx- 
imately 30 thousandths of an inch (0.76mm) has been 
found to be suitable. Such a textured sheet is readily 
formable and is commercially available from Ardmore 
Textured Metal of Edison, New Jersey. Alternatively, the 
texture could be provided on a single side of the sheet 
if desired, such that the upraised portions do not make 
corresponding depressions on the other side. 
[0032] The sheet is shaped into the desired form of a 
mold 1 1 2 having a mold cavity 1 1 8 with the upraised por- 
tions of the sheet forming the interior walls of the cavity, 
thereby facing the part to be impregnated. Main feeder 
grooves 114 are formed directly in the sheet 104 in the 
desired locations, rather than in the cores as described 
above. The main feeder grooves may have dimensions 
as discussed above. Vacuum outlet channels 116 are 
formed around the perimeter of the tool. 
[0033] To form a composite part, a fiber lay up is 



placed within the cavity 118 adjacent the textured sur- 
faces of the tool, and the tool is sealed as with a tacky 
tape or other seal as is known in the art. A peel ply may 
be used if the texture is not to be retained on the part.. 

5 Alternatively, a peel ply may be omitted if the texture is 
desired to be retained on the surface of the part. Form- 
ing the texture on the part imparts some further stiffness 
to the part and may be desired for esthetic reasons as 
well. The fiber lay up may comprise cores wrapped with 

10 fiber material as discussed above. Fittings are inserted 
into the main feeder grooves through punctures made 
in the sheet as discussed above. A vacuum is applied 
to the interior of the tool, and the sheet of textured ma- 
terial is pulled adjacent the fiber lay up such that the tops 

is of the upraised portion contact the fiber lay up, but the 
valleys remain open to form a network of narrow, inter- 
connected passageways through which resin is able to 
flow. Under the vacuum, resin Is drawn first into the main 
feeder grooves and then into the valleys. From the val- 

20 leys, the resin is able to fully impregnate the fiber mate- 
rial, flowing finally to the vacuum outlet channels around 
the perimeter. The resin is allowed sufficient time to 
cure. After curing, the part is removed from the tool. 
[0034] In an alternative embodiment, the textured 

25 sheet can be used as a lid in conjunction with a conven- 
tional mold. The fiber lay up is placed against the mold 
surface. The textured sheet is placed over the fiber lay 
up and sealed to the mold in any suitable manner. Ad- 
ditional resin distribution media may need to be used 

30 adjacent the conventional mold surfaces. Resin impreg- 
nation occurs as discussed above. 
[0035] The textured sheet can also be used as a mas- 
ter mold which is used to make tools from other materi- 
als, such as ceramics. The tool is then used as a mold 

35 in the resin impregnation process. In this case, the sheet 
comprises a negative of the tool; that is, the side of the 
sheet having the indentations is used to form the tool. 
The resulting tool has the configuration of the upraised 
portions separated by the valleys, which form a resin 

40 distribution medium as discussed above. A ceramic 
mold generally does not flex to collapse against the part 
under vacuum. In this case, a separate vacuum bag is 
used in conjunction with the mold, as is known in the art. 

45 

Claims 

1 . A method of forming a composite structure compris- 
ing: 

50 

providing a core having a peripheral surface 
and a feeder channel formed to lie across at 
least a portion of said peripheral surface of said 
core, said feeder channel having a first cross- 
55 sectional area; 

providing a resin distribution network adjacent 
at least a portion of said core peripheral surface 
and in fluid communication with said feeder 
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channel on said core peripheral surface, said 
resin distribution network comprising a network 
of a plurality of distribution channels adjacent 
said peripheral surface of said core extending 
from said feeder channel, each of said distribu- 5 
tion channels having a second cross-sectional 
area smaller than the first cross-section area of 
the feeder channel; 

covering at least a portion of said core and said 
resin distribution network with a fiber material; 10 
providing a forming structure, at least a first por- 
tion of said forming structure comprising a mold 
and at least a further portion of said forming 
structure comprising a flexible portion collaps- 
ible under vacuum against an adjacent portion « 
of said core; 

sealing said covered core and said fiber mate- 
rial in said forming structure; 
connecting a source of uncured resin directly 
to said feeder channel through said forming 20 
structure; 

connecting the interior of said forming structure 
to a vacuum outlet; 

forcing said uncured resin initially through said 
feeder channel and said resin distribution net- 25 
work to said vacuum outlet to fill the interior of 
said forming structure between said core and 
said forming structure to impregnate said fiber 
material; 

wherein said feeder channel and said distribu- 30 
tion network are sized and arranged to allow 
said uncured resin to substantially, completely 
fill said fiber material covering said core prior to 
curing; and 

curing said resin to form a composite structure. 35 

2. The method of claim 1 , wherein said resin distribu- 
tion network comprises a network of grooves 
formed in said surface of said core extending from 
said feeder channel, said grooves having a smaller *o 
cross-sectional area than said feeder channel. 

3. The method of claim 1, wherein said grooves are 
arranged transversely to said feeder channel. 

45 

4. The method of claim 1 , wherein at least a portion of 
said grooves circumscribe said core to form a loop 
beginning and terminating at said feeder channel. 

5. The method of claim 1 , further comprising placing so 
at least one connection fitting in said feeder channel 
prior to covering said core and said resin distribution 
network with a fiber material. 

6. The method of claim 5, wherein said step of con- & 
neding said source of uncured resin to said channel 
comprises forming a hole in said forming structure 

at said connection fitting and inserting a supply tube 



from said source into said connection fitting. 

7. The method of claim 1 , further comprising providing 
a plurality of said cores, each having a peripheral 
surface and a feeder channel formed in said surface 
extending throughout a length of said core, and ar- 
ranging said cores adjacent to each other to form a 
desired finished part. 

8. The method of claim 7, wherein said cores are ar- 
ranged adjacent to each other with each of said 
feeder channels generally aligned. 

9. The method of claim 8, further comprising covering 
said adjacently arranged cores with a further fiber 
material prior to said step of placing in said mold. 

10. The method of claim 1 , wherein said forming struc- 
ture comprises a thin steel sheet. 

1 1 . The method of claim 1 , wherein said forming struc- 
ture comprises a rigid mold and a flexible bag. 

12. The method of claim 1 , wherein said forming struc- 
ture comprises a rubber bag. 

13. The method of claim 1 , wherein said forming struc- 
ture comprises a silicone bag. 

14. The method of claim 1 , wherein said forming struc- 
ture comprises a thin composite sheet material. 

15. The method of Claim 1 , wherein said feeder chan- 
nel and said distribution network are sized and ar- 
ranged to allow the resin to completely fill the fiber 
material covering the core prior to curing. 

16. The method of claim 1 , wherein said core comprises 
a foam material. 

17. The method of claim 1 , wherein said core comprises 
balsa wood. 

1 8. The method of claim 1 , wherein said core comprises 
concrete. 

1 9. The method of claim 1 , wherein said core comprises 
a block having a generally rectangular cross-sec- 
tion. 

20. The method of claim 1 , wherein said core comprises 
a block having a generally triangular cross-section. 

21 . The method of claim 1 , wherein said core comprises 
a block having an arcuate face. 

22. The method of claim 1 , wherein a plurality of feeder 
channels are formed to lie across at least a portion 
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of said peripheral surface of said core. 

23. A method of forming a composite structure compris- 
ing: 

providing a core having a peripheral surface 
and a feeder channel formed to lie across at 
least a portion of said peripheral surface of said 
core; 

providing a resin distribution network adjacent 
at least a portion of said core peripheral surface 
and in fluid communication with said feeder 
channel on said core peripheral surface; 
placing at least one connection fitting in said 
feeder channel; 

covering at least a portion of said core and said 
resin distribution network with a fiber material; 
placing said covered core in a mold; 
sealing said covered core in a bag against said 
mold; 

connecting a source of uncured resin directly 
to said feeder channel through said bag; 
connecting an interior of said bag to a vacuum 
outlet; 

forcing a substantial portion of said uncured 
resin through said feederchannel and from said 
feeder channel to said resin distribution net- 
work and from said distribution network through 
said fiber material and then to said vacuum out- 
let to impregnate said fiber material from said 
core outwardly toward said mold and said bag; 
and 

curing said resin to form a composite structure, 

24. The method of claim 23, wherein said resin distri- 
bution network comprises a network of grooves 
formed in said surface of said core extending from 
said feeder channel, said grooves having a smaller 
cross-sectional area than said feeder channel. 

25. The method of claim 24, wherein said grooves are 
arranged transversely to said feeder channel. 

26. The method of claim 24, wherein at least a portion 
of said grooves circumscribe said core to form a 
loop beginning and terminating at said feeder chan- 
nel. 

27. The method of claim 24, further comprising placing 
at least one connection fitting in said feeder channel 
prior to covering said core and said resin distribution 
network with a fiber material. 

28. The method of claim 27, wherein said step of con- 
necting said source of uncured resin to said channel 
comprises puncturing said bag at said connection 
fitting and inserting a supply tube from said source 
into said connection fitting. 



29. The method of claim 23, further comprising provid- 
ing a plurality of said cores, each having a periph- 
eral surface and a feeder channel formed in said 
surface extending throughout a length of said core, 

5 and arranging said cores adjacent to each other to 
form a desired finished part. 

30. The method of claim 29, wherein said cores are ar- 
ranged adjacent to each other with each of said 

w feeder channels generally aligned. 

31. The method of claim 29, further comprising cover- 
ing said adjacently arranged cores with a further fib- 
er material prior to said step of placing in said mold. 

15 

32. The method of claim 23, wherein said feeder chan- 
nel and said distribution network are sized and ar- 
ranged to allow the resin to completely fill the fiber 
material covering the core prior to curing. 

20 

33. The method of claim 23, wherein said core compris- 
es a foam material. 

34. The method of claim 23, wherein said core compris- 
es es balsa wood. 

'35. The method of claim 23, wherein said core compris- 
es concrete. 

30 36. The method of claim 23, wherein said core compris- 
es a block having a generally rectangular cross- 
section. 

37. The method of claim 23, wherein said core compris- 
es es a block having a generally triangular cross-sec- 
tion. 

38. The method of claim 23, wherein said core compris- 
es a block having an arcuate face. 

40 

39. The method of daim 23, wherein a plurality of feed- 
er channels are formed to lie across at least a por- 
tion of said peripheral surface of said core. 

45 

PatentansprOche 

1. Verfahren zur Bildung elner Verbundstruktur, mlt 
den folgenden Schritten: 

50 

Vorsehen eines Kerns mit einer Umfangsf lache 
und einem Zufuhrkanal, der uber wenigstens 
einem Teil der Umfangsflache des Kerns lie- 
gend ausgebildet 1st, wobel der Zufuhrkanal ei- 
55 ne erste Querschnittsf lache aufweist; 

- Vorsehen eines Harzverteilungsnetzwerks ne- 
ben wenigstens einem Bereich der Kernum- 
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fangsflache und in Fluidverbindung mit dem 
Zufuhrkanal auf der Kernumfangsflache, wobei 
das Harzverteilungsnetzwerk ein Netzwerk aus 
mehreren Verteilerkanalen nahe der Umfangs- 
flache des Kerns aufweist, die sich vom Zufuhr- 5 
kanal aus erstrecken, wobei jeder der Verteiler- 
kanale eine zweite Querschnittsflache hat, die 
kleiner als die erste Querschnittsflache des Zu- 
fuhrkanals ist; 

10 

Bedecken wenigstens elnes Teils des Kerns 
und des Harzverteitungsnetzwerks mit einem 
Fasermaterial; 

Vorsehen einer Formungsstruktur, wobei we- *5 
nigstens ein erster Teil der Formungsstruktur 
eine Form und wenigstens ein weiterer Teil der 
Formungsstruktur einen flexiblen Teil autweist, 
der unter Vakuum gegen einen benachbarten 
Bereich des Kerns faltbar ist; 20 

Abdichten des abgedeckten Kerns und des Fa- 
sermaterials in der Formungsstruktur; 

Verbinden einer Quelle ungeharteten Harzes 25 
unmittelbar mit dem Zufuhrkanal durch die For- 
mungsstruktur; 

Verbinden des Innenraums der Formungs- 
struktur mit einem VakuumauslaB; 30 

Drucken des ungeharteten Harzes zunachst 
durch den Zufuhrkanal und das Harzvertei- 
lungsnetzwerkzu dem VakuumauslaB, urn den 
Innenraum der Formungsstruktur zwischen 35 
dem Kern und der Formungsstruktur zum fm- 
pragnieren des Fasermaterials zu full en; 

- wobei der Zufuhrkanal und das Verteilungs- 
netzwerk derart bemessen und angeordnet *o 
sind, daB sie ein im wesentlichen vollstandiges 
Fullen des den Kern bedeckenden Fasermate- 
rials mit dem ungeharteten Harz vor dem Aus- 
harten ermoglichen; und 

45 

- AushSrten des Harzes zur Bildung einer Ver- 
bundstruktur. 

2. Verfahren nach Anspaich 1 , bei dem das Harzver- 
teilungsnetzwerk ein Netzwerk von Rillen aufweist, so 
die sich von dem Zufuhrkanal aus erstreckend in 
der Oberflache des Kerns ausgebildet sind, wobei 

die Rillen einen kleinere Querschnittsflache haben 
als der Zufuhrkanal, 

55 

3. Verfahren nach Anspruch 1 , bei dem die Rillen quer 
zum Zufuhrkanal angeordnet sind. 



4. Verfahren nach Anspruch 1 , bei dem wenigstens 
ein Teil der Rillen den Kern umgrenzen, um eine 
Schleife zu bilden, die am Zufuhrkanal beginnt und 
endet 

5. Verfahren nach Anspruch 1 , femer mit dem Schritt 
des Anordnens wenigstens eines Verbindungsfit- 
tings in dem Zufuhrkanal vor dem Bedecken des 
Kerns und des Harzverteilungsnetzwerks mit einem 
Fasermaterial. 

6. Verfahren nach Anspruch 5, bei dem der Schritt des 
Verbindens der Quelle ungeharteten Harzes mit 
dem Kanal das Bilden eines Lochs in der For- 
mungsstruktur an dem Verbindungsfitting und das 
Einfuhren eines Versorgungsschlauchs von der 
Quelle in den Verbindungsfitting umfa&t. 

7. Verfahren nach Anspruch 1 , femer mit dem Vorse- 
hen mehrerer Kerne, von denen jeder eine Um- 
fangsflache und einen in der Umfangsflache aus- 
gebildeten Zufuhrkanal, der sich uber die Lange 
des Kerns erstreckt, autweist, und dem Anordnen 
der Kerne nebeneinander zur Bildung eines ge- 
wunschten Fertigteils. 

8. Verfahren nach Anspruch 7, bei dem die Kerne ne- 
beneinander angeordnet werden, wobei jeder der 
Zufuhrkanale im wesentlichen ausgerichtet ist. 

9. Verfahren nach Anspruch 8, femer mit dem Schritt 
des Bedeckens der nebeneinander angeordneten 
Kerne mit einem weiteren Fasermaterial vor dem 
Schritt des Anordnens in der Form. 

1 0. Verfahren nach Anspruch 1 , bei dem die Formungs- 
struktur ein dunnes Stahlblech aufweist. 

1 1 . Verfahren nach Anspruch 1 , bei dem die Formungs- 
struktur eine starre Form und einen flexiblen Beutel 
aufweist. 

12. Verfahren nach Anspruch 1 , bei dem die Formungs- 
struktur einen Gummibeutel aufweist. 

13. Verfahren nach Anspruch 1 , bei dem die Formungs- 
struktur einen Silikonbeutel aufweist. 

14. Verfahren nach Anspruch 1 , bei dem die Formungs- 
struktur ein dunnes Verbundbahnmaterial aufweist. 

15. Verfahren nach Anspruch 1 , bei dem der Zufuhrka- 
nal und das Verteilungsnetzwerk derart bemessen 
und angeordnet sind, daB sie ein vollstandiges Ful- 
len des den Kern bedeckenden Fasermaterials mit 
dem Harz vor dem Ausharten ermoglichen. 

16. Verfahren nach Anspruch 1 , bei dem der Kern ein 
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Schaummaterial aufweist. 

17. Verfahren nach Anspruch 1 , bei dem der Kern Bat- 
saholz aufweist. 

18. Verfahren nach Anspruch 1, bei dem der Kern Be- 
ton aufweist. 

19. Verfahren nach Anspruch 1 , bei dem der Kern einen 
Block mit im wesentlichen rechteckigem Quer- 
schnltt aufweist. 

20. Verfahren nach Anspruch 1 , bei dem der Kern einen 
Block mit im wesentlichen dreieckigem Querschnitt 
aufweist. 

21 . Verfahren nach Anspruch 1 , bei dem der Kern einen 
Block mit einer gebogenen Seite aufweist. 

22. Verfahren nach Anspruch 1 , bei dem mehrere Zu- 
fuhrkanale uber zumindest einem Teil der Umfangs- 
flache des Kerns liegend ausgebildet sind. 

23. Verfahren zum Bilden einer Verbundstruktur, mit 
den folgenden Schritten: 

Vorsehen eines Kerns mit einer Umfangsflache 
und einem Zufuhrkanal, der uber wenigstens 
einem Teil der Umfangsflache des Kerns lie- 
gend ausgebildet ist; 

Vorsehen eines Harzverteilungsnetzwerks ne- 
ben wenigstens einem Bereich der Kernum- 
fangsflache und in Ruldverbindung mit dem 
Zufuhrkanal auf der Kernumfangsftache; 

- Anordnen wenigstens eines Verbindungsfit- 
tings in dem Zufuhrkanal; 

Bedecken wenigstens eines Teils des Kerns 
und des Harzverteilungsnetzwerks mit einem 
Fasermaterial; 

Anordnen des bedeckten Kerns in eine Form; 

Abdichten des bedeckten Kerns gegenuber der 
Form in einem Beutel; 

Verbinden einer Quelle ungeharteten Harzes 
unmittelbar mit dem Zufuhrkanal durch den 
Beutel; 

Verbinden des Innenraums des Beutels mit ei- 
nem VakuumauslaG; 

Drucken eines erheblichen Teils des ungehar- 
teten Harzes durch den Zufuhrkanal und aus 
dem Zufuhrkanal zu dem Harzverteilungsnetz- 



werk und von dem Harzverteilungsnetzwerk 
durch das Fasermaterial und anschlieBend 
zum VakuumauslaB, urn das Fasermaterial 
vom Kern aus nach auBen in Richtung der. 
5 Form und des Beutels zu impragnieren; und 

- Ausharten des Harzes zur Bildung einer Ver- 
bundstruktur. 

10 24. Verfahren nach Anspruch 23, bei dem das Harzver- 
teilungsnetzwerk ein Netzwerk von Rillen aufweist, 
die sich von dem Zufuhrkanal aus erstreckend in 
der Oberflache des Kerns ausgebildet sind, wobei 
die Rillen einen kleinere Querschnittsflache haben 

is ais der Zufuhrkanal. 

25. Verfahren nach Anspruch 24, bei dem die Rillen 
quer zum Zufuhrkanal angeordnet sind. 

20 26. Verfahren nach Anspruch 24, bei dem wenigstens 
ein Teil der Rillen den Kern umgrenzen, urn eine 
Schleife zu bilden, die am Zufuhrkanal beginnt und 
endet. 

25 27. Verfahren nach Anspruch 24, femer mit dem Schritt 
des Anordnens wenigstens eines Verbindungsfit- 
tings in dem Zufuhrkanal vor dem Bedecken des 
Kerns und des Harzverteilungsnetzwerks mit einem 
Fasermaterial. 

30 

28. Verfahren nach Anspruch 27, bei dem der Schritt 
des Verbindens der Quelle ungeharteten Harzes 
mit dem Kanal das Punktieren des Beutels an dem 
Verbindungsfitting und das Einfuhren eines Versor- 

35 gungsschlauchs von der Quelle in den Verbin- 
dungsfitting umfaBt. 

29. Verfahren nach Anspruch 27, ferner mit dem Vor- 
sehen mehrerer Keme, von denen jeder eine Um- 

<o fangsflache und einen in der Umfangsflache aus- 
gebildeten Zufuhrkanal, der sich uber die Lange 
des Kerns erstreckt, aufweist, und dem Anordnen 
der Kerne nebeneinander zur Bildung eines ge- 
wunschten Fertigteils. 

45 

30. Verfahren nach Anspruch 29, bei dem die Keme ne- 
beneinander angeordnet werden, wobei jeder der 
Zufuhrkanale im wesentlichen ausgerichtet ist. 

50 31 . Verfahren nach Anspruch 29, femer mit dem Schritt 
des Bedeckens der nebeneinander angeordneten 
Keme mit einem weiteren Fasermaterial vor dem 
Schritt des Anordnens in der Form. 

55 32. Verfahren nach Anspruch 23, bei dem der Zufuhr- 
kanal und das Verteilungsnetzwerk derart bemes- 
sen und angeordnet sind, daB sie ein vollstandiges 
Fullen des den Kern bedeckenden Fasermaterials 



9 



17 



EP 0 831 987 B1 



18 



mit dem Harz vor dem Ausharten ermoglichen. 

33. Verfahren nach Anspruch 23, bei dem der Kern ein 
Schaummaterial aufwelst, 

34. Verfahren nach Anspruch 23, bei dem der Kern Bal- 
saholz aufweist. 

35. Verfahren nach Anspruch 23, bei dem der Kern Be- 
ton aufweist. 

36. Verfahren nach Anspruch 23, bei dem der Kern ei- 
nen Block mit im wesentlichen rechteckigem Quer- 
schnitt aufweist. 

37. Verfahren nach Anspruch 23, bei dem der Kern ei- 
nen Block mit im wesentlichen dreieckigem Quer- 
schnttt aufweist. 

38. Verfahren nach Anspruch 23, bei dem der Kern ei- 
nen Block mit einer gebogenen Seite aufweist. 

39. Verfahren nach Anspruch 23, bei dem mehrere Zu- 
f uhrkanale uber zumindest einem Teil der Umf angs- 
flache des Kerns iiegend ausgebildet sind. 



Revendicatlons 

1 . Procede de formation de structure composite com- 
prenant les etapes consistant a : 

proposer un noyau ayant une surface periphe- 
rique et un canal d'alimentation forme afin de 
reposer sur au moins une partie de ladite sur- 
face peripherique dudit noyau, ledit canal d'ali- 
mentation ayant une premiere section 
transversale ; 

proposer un reseau de distribution de resine 
adjacent a au moins une partie de ladite surface 
peripherique du noyau et en communication li- 
quide avec ledit canal d'alimentation sur ladite 
surface peripherique du noyau, ledit reseau de 
distribution de resine comprenant un reseau 
d'une pluralite de canaux d'alimentation adja- 
cents a ladite surface peripherique dudit noyau 
s'etendant dudit canal d'alimentation, chacun 
desdits canaux d'alimentation ayant une se- 
conde section transversale inferieure a la pre- 
miere section transversale du canal 
d'alimentation ; 

recouvrir au moins une partie dudit noyau et du- 
dit reseau de distribution de resine a I'aide d'un 
materiau en fibre ; 

proposer une structure de formation, au moins 
une premiere partie de ladite structure de for- 
mation comprenant un moule et au moins une 
partie supplemental de ladite structure de for- 



mation comprenant une partie flexible pliable 
par le vide place contre une partie adjacente 
dudit noyau ; 

sceller ledit noyau recouvert et ledit materiau 
5 en fibre dans ladite structure de formation ; 

raccorder la source de la resine non traitee di- 
rectement au canal d'alimentation au travers de 
ladite structure de formation ; 
raccorder I'interieur de ladite structure de for- 
10 mation a une sortie aspirante ; 

forcer inltialement ladite resine non traitee au 
travers dudit canal d'alimentation et dudit re- 
seau de distribution de resine vers ladite sortie 
aspirante afin de remplir i'interieur de ladite 
15 structure de formation entre ledit noyau et ladi- 

te structure de formation afin d'impregner ledit 
materiau en fibre. 

2. Procede selon la revendication 1 , dans laquelle le 
20 reseau de distribution de resine comprend un re- 
seau de rainures formees dans ladite surface dudit 
noyau s'etendant dudit canal d'alimentation, lesdi- 
tes rainures ayant une section transversale infe- 
rieure au canal d'alimentation. 

25 

3. Proc6de selon la revendication 1 , dans laquelle les- 
dites rainures sont placees de maniere transversale 
par rapport au dit canal d'alimentation. 

30 4. Procede selon la revendication 1 dans laquelle au 
moins une partie desdites rainures circonscrivent 
ledit noyau pour former un anneau commencant et 
se terminant au dit canal d'alimentation. 

35 5. Procede selon la revendication 1 , comprenant en 
outre le placement d'au moins une fixation de rac- 
cordement dans ledit canal d'alimentation avant de 
recouvrir ledit noyau et ledit reseau de distribution 
de resine avec un materiau en fibre. 

40 

6. Procede selon la revendication 5, dans laquelle la- 
dite etape de raccordement de ladite source de re- 
sine non traitee au dit canal comprend la formation 
d'un trou dans ladite structure de formation a ladite 

45 fixation de raccordement et i'insertion d'un tube 
d'approvisionnement a parti r de ladite source dans 
ladite fixation de raccordement. 

7. Procede selon la revendication 1 , comprenant en 
so outre la proposition d'une pluralite desdits noyaux, 

ayant chacun une surface peripherique et un canal 
d'alimentation forme dans ladite surface s'etendant 
sur la longueur dudit noyau et la disposition desdits 
noyaux de maniere adjacente I'un par rapport a 
55 Pautre pour former la piece finie souhaitee. 

8. Procede selon la revendication 7, dans laquelle les- 
dits noyaux sont disposes de maniere adjacente 
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run par rapport a Pautre avec chacun desdits ca- 
naux d'alimentation gen^ralement alignes. 

9. Precede selon ta revendication 8, comprenant en 
outre le recouvrement desdits noyaux disposes de 
maniere adjacente par un autre materiau en fibre 
avant ladite etape de placement dans tedit moule. 

10. Precede selon la revendication 1 , dans laquelle la- 
dite structure de formation comprend une fine 
feuille d'acier. 
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13. 



w 



Procede selon la revendication 1 , dans laquelle la- 
dite structure de formation comprend un moule ri- 
gide et un sac flexible. 15 

Procede selon la revendication 1 , dans laquelle la- 
dite structure de formation comprend un sac en 
caoutchouc. 
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Precede selon la revendication 1 , dans laquelle la- 
dite structure de formation comprend un sac en si- 
licone. 



14. Precede selon la revendication 1, dans laquelle la- 25 
dite structure de formation comprend une fine 
feuille de materiau composite. 



15. Procede selon la revendication 1 , dans laquelle le- 

dit canal d'alimentation et ledit reseau de distribu- 30 
tion sont calibres et disposes de maniere a permet- 
tre a la resine de remplir comptetement le materiau 
en fibre couvrant le noyau avant de durcir. 

16. Procede selon ia revendication 1 , dans laquelle le- 35 
dit noyau comprend un materiau atveolaire. 

17. Procede selon la revendication 1 , dans laquelle le- 
dit noyau comprend du balsa. 



18. Procede selon la revendication 1 , dans laquelle le- 
dit noyau comprend du beton. 

19. Procede selon la revendication 1 , dans laquelle le- 
dit noyau comprend un bloc ayant une section 
transversale en general rectangulaire. 



23. Procede de formation de structure composite com- 
prenant les etapes consistant a : 

proposer un noyau ayant une surface periphe- 
rique et un canal de distribution form6 afin de 
reposer sur au moins une partie de ladite sur- 
face peripherique dudit noyau ; 
proposer un reseau de distribution de r6sine 
adjacent a au moins une partie de la surface 
p6riph6rique dudit noyau et en communication 
liquide avec ledit canal d'alimentation sur ladite 
surface peripherique du noyau ; 
placer au moins une fixation de raccordement 
dans (edit canal d'alimentation ; 
recouvrir au moins une partie dudit noyau et du- 
dit reseau de distribution de resine a I'aide d'un 
materiau en fibre ; 

seel ler ledit noyau recouvert dans unsac contre 
tedit moule ; 

raccorder la source de la resine non traitee di- 
rectement au dit canal d'alimentation a t ravers 
ledit sac ; 

raccorder un interieur dudit sac de production 
a une sortie aspirante ; 

forcer une partie substantielle de ladite resine 
non traitee au travers dudit canal d'alimentation 
et a partir dudit canal d'alimentation vers ledit 
reseau de distribution de resine et a partir dudit 
reseau de distribution au travers dudit materiau 
en fibre et enfin vers ladite sortie aspirante afin 
d'impr6gner ledit materiau en fibre a partir dudit 
noyau de I'exterieur vers ledit moule et ledit 
sac ; et 

traiter ladite r6sine pour former une structure 
composite. 
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24. Procede selon la revendication 23, dans laquelle le- 
dit reseau de distribution de r6sine comprend un re- 
seau de rainures formees dans ladite surface dudit 
noyau s'etendant dudit canal d'alimentation, lesdi- 
tes rainures ayant une section transversale inte- 
rieure au canal d'alimentation. 

25. Procede selon ta revendication 24, dans laquelle 
lesdites rainures sont disposees de maniere trans- 
versale par rapport au dit canal d'alimentation. 



20. Proc6d6 selon la revendication 1 , dans laquelle le- 
dit noyau comprend un bloc ayant en general une 
section transversale triangulaire. 

21. Precede selon la revendication 1 , dans laquelle le- 
dit noyau comprend un bloc ayant une face arquee. 

22. Procede selon la revendication 1 , dans laquelle une 
pluralite de canaux d'alimentation sont formes pour 
reposer sur au moins une partie de ladite surface 
peripherique dudit noyau. 



50 



55 



26. Procede selon ta revendication 24, dans laquelle au 
moins une partie desdites rainures circonscrivent 
ledit noyau afin de former un cercle commencant et 
s'achevant au dit canal d'alimentation. 

27. Proc6d6 selon la revendication 24, comprenant en 
outre le placement d'au moins une fixation de rac- 
cordement dans ledit canal d'alimentation avant de 
recourir ledit noyau et ledit reseau de distribution 
de resine a I'aide d'un materiau en fibre. 
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28. Procede selon la revendication 27, dans laquelle la- 
dite etape de raccordement de ladite source de re- 
sine non trartee au dit canal comprend une perfora- 
tion dudit sac a ladite fixation de raccordement et 
('insertion d'un tube d'approvisionnement a parttr de s 
ladite source dans ladite fixation de raccordement. 

29. Precede selon la revendication 23, comprenant en 
outre la proposition de plusieurs desdits noyaux, 
ayant chacun une surface peripherique et un canal u> 
d'aii mentation forme dans ladite surface s'etendant 

le long dudit noyau, et le placement desdits noyaux 
de maniere adjacente les uns par rapport aux 
autres afin de former la piece finie souhaitee. 

15 

30. Precede selon la revendication 29, dans laquelle 
lesdits noyaux sont places de maniere adjacente 
les uns par rapport aux autres avec chacun desdits 
canaux d'alimentation generalement alignes. 

20 

31. Procede selon la revendication 29, comprenant en 
outre Tetape consistent a recouvrir lesdits noyaux 
disposes de maniere adjacente avec un autre ma- 
teriau en fibre avant ladite etape du placement dans 
ledrt moule. 25 

32. Procede selon la revendication 23, dans laquelle ie- 
dit canal d'alimentation et (edit reseau de distribu- 
tion sont calibres et disposes de maniere a permet- 

tre a la resine de remplir completement le materiau so 
en fibre couvrant le noyau avant de trafter. 

33. Procede selon la revendication 23, dans laquelle le- 
dit noyau comprend un materiau alveolaire. 

35 

34. Procede selon la revendication 23, dans laquelle le- 
dit noyau comprend du balsa. 

35. Procede selon la revendication 23, dans laquelle le- 

dit noyau comprend du beton. *o 

36. Procede selon la revendication 23, dans laquelle le- 
dit noyau comprend un bloc ayant une section 
transversale en general rectangulaire. 

45 

37. Procedg selon la revendication 23, dans laquelle le- 
dit noyau comprend un bloc ayant une section 
transversale en general triangulalre. 

38. methode selon la revendication 23, dans laquelle so 
ledit noyau comprend un bloc ayant une face ar- 
quee. 

39. Procede selon la revendication 23, dans laquelle 
une pluralite de canaux d'alimentation sont formes 55 
pour reposer sur au moins une partie de ladite sur- 
face peripherique dudit noyau. 
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FIG. 3 
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FIG. 7 



15 



EP 0 831 987 B1 




FIG. 10 
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FIG. 13 
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